H emifacial spasm (HFS) is a movement disorder characterized by involuntary contraction of facial muscles that often results in severe psychosocial stress.
sion (MVD) is the gold-standard treatment based on the etiology of HFS. This treatment yields high cure rates and has an excellent safety profile. 4, 16 The lateral spread response (LSR) is an abnormal electrophysiological finding on electromyography (EMG) in patients with HFS. This response is elicited by the stimulation of 1 branch of the facial nerve; the responses of the muscles innervated by the other facial nerve branches are then recorded. 9, 10, 15, 21 Intraoperative monitoring of the LSR is now widely performed, because it can help identify the offending vessels and confirm facial nerve decompression from neurovascular contact. 20, 24 However, the prognostic value of intraoperative monitoring, especially over long-term follow-up periods, is still under debate. We performed a large-scale long-term study to investigate the relationships between EMG monitoring, LSR alleviation during MVD, and recovery from HFS.
methods
A total of 885 patients with HFS underwent MVD accompanied by EMG monitoring in Kyung Hee University Hospital between January 2009 and December 2013. The LSR had been identified on preoperative EMG in each patient. The exclusion criteria were as follows: less than 1 year of follow-up, secondary HFS (such as tumorous or vascular lesion-related HFS 3, 23 ), no LSR detected on preoperative EMG, and intraoperative EMG monitoring failure as a result of technical problems or the effects of muscle relaxants. In all, 582 (65.8%) patients were included in this retrospective study. The mean patient age was 54 years (range 16-79 years), and more females than males were present in the group (male/female ratio 1:2.59). The mean symptom duration was 4.8 years (range 0.5-40.0 years), and the spasms appeared on the left side of the face in 312 (53.6%) patients. A demographic comparison of the included and excluded patients was performed. We retrospectively reviewed patient clinical data to determine the prognostic value of intraoperative EMG monitoring during MVD for HFS.
Each patient underwent a preoperative MRI evaluation that included 3D time-of-flight angiography and CT examinations. A 3D angiogram was also generated in each case to evaluate the extent of vertebral artery (VA) anatomical variation.
emg monitoring
Each patient underwent continuous intraoperative monitoring with facial EMG and brainstem auditory evoked potentials. Electromyography monitoring was performed on a Cascade system; responses were recorded from needle electrodes that were inserted intradermally in the frontalis, orbicularis oculi, orbicularis oris, and mentalis muscles. Stimulating waves (300-μsec pulse wave, 5-25 mA) were administered to the zygomatic and buccal branches of the ipsilateral facial nerve. The LSRs were recorded simultaneously at the orbicularis oris and mentalis muscles after stimulation of the zygomatic branch of the facial nerve and at the frontalis and orbicularis oculi muscles after stimulation of the buccal branch of the facial nerve. Muscle-relaxing agents were administered with the induction of anesthesia and followed immediately by the temporary alleviation of EMG signals in most cases. The muscle relaxants were maintained at a minimal dose to preserve signals from at least 3 of the following 4 nerves: both ulnar nerves, the median nerves, and the posterior tibial nerves. The patients were monitored with EMG throughout their surgery. Measurements were obtained at initiation of the surgery, the dural incision followed by CSF drainage, Teflon insertion, and surgery completion. Each patient was categorized into 1 of 2 groups according to the persistence of LSR at the conclusion of surgery. Patients for whom LSR was alleviated at the end of surgery were assigned to Group A, whereas patients for whom LSR remained at the end of surgery were assigned to Group B. Patients for whom LSR transiently disappeared but recurred at the conclusion of surgery were also assigned to Group B.
surgical procedure
Craniotomy was performed via the retrosigmoid suboccipital approach. The incisions were made adjacent to the sigmoid and transverse sinuses, and the section of the skull removed measured 2.5 × 1.5 cm. After dural incision, the CSF was drained by mild aspiration for gentle cerebellar retraction. The arachnoid trabeculae, including the lateral pontomedullary membrane, were dissected as meticulously as possible to enable further CSF drainage. This procedure resulted in a secure, large working space and helped prevent lower cranial nerve injury. After retraction of the cerebellar hemisphere and the choroid plexus, accompanied by further arachnoid dissection, the REZ of the seventh nerve was identified, and its relationship with the offending vessels was determined. One or more pieces of Teflon felt were inserted between the offending vessels and the compressed REZ or proximal facial nerve as necessary. If the LSR was not alleviated after these decompressive procedures, even after additional refinement efforts were made (such as rechecking the REZ and the offending vessels), no additional measures were taken, and the procedure was completed.
Follow-up and statistical analysis
Patients were classified according to the presence of spasm and required drugs. "HFS free" was defined as a spasm-free state in which no antispasmodic agents (diazepam and gabapentin in this series) were required. "HFS remaining" was defined as the state in which facial spasm continued to occur with or without the need for antispasmodic drug administration. During the follow-up period, each patient visited the outpatient clinic at various intervals according to the presence of remaining symptoms and need for drug administration. When a patient became HFS free without recurrence, the time until the next follow-up visit was increased.
The presence of remaining HFS was estimated at 1 day, 6 months, and 1 year after surgery (short-term, midterm, and long-term, respectively). To assess the prognostic value of intraoperative LSR monitoring, the numbers of HFS-free patients in Groups A and B were compared with the numbers of HFS-remaining patients (both HFS unchanged and HFS improved) in each group over each follow-up period. Moreover, several potential contributing factors in both groups, including age, sex, duration of symptoms, and particular offending vessel, were also assessed. The data were analyzed using the independentsample t-test, the chi-square test, logistic regression analysis, and repeated-measures ANOVA using SPSS 21.0 software (IBM Corp.). A p value of < 0.05 indicates statistical significance.
The institutional review board of Kyung Hee University Hospital approved this study.
results demographic characteristics
In the group of included patients, the mean age was 54 years (range 16-79 years), and there were more females than males (male/female ratio 1:2.59). The mean symptom duration was 4.8 years (range 0.5-40.0 years), and spasms appeared on the left side of the face in 312 (53.6%) patients.
When excluded and included patients were compared, neither age, sex, symptom duration (analysis over the entire range of symptom durations in all the patients), nor involved side were significantly different (Table 1) . However, the proportion of patients with a symptom duration of > 5 years was significantly larger in the excluded group (p = 0.001).
alleviation of lsr
The LSR was alleviated at the end of surgery in 433 (Group A, 74.4%) of the 582 patients (Table 1 ). Of the demographic factors compared between Groups A and B, age, sex, and lateralization showed no significant differences. The persistence of LSR was not significantly associated with symptom duration when the full range of durations was taken into account. However, more patients with a symptom duration of less than 1 year were present in Group A than in Group B (p = 0.023). These findings were also significant in the multivariate analysis (p = 0.014) ( Table 2) .
The anterior inferior cerebellar artery was the most common offender and was involved in 62.71% of all cases. The next most common arteries were the posterior inferior cerebellar artery and the VA. Although the VA acted as an offending vessel in 84 (14.43%) cases, it acted as a single offender in only 2 (0.34%) cases. The presence of the VA as an offending artery (either alone or in combination) was not significantly associated with patient classification in either group.
correlation between mvd results and lsr alleviation
Of the 582 patients who underwent MVD, 455 (78.2%) were HFS free 1 day after surgery. These patients included 349 (80.6%) in Group A and 106 (71.1%) in Group B (Fig.  1) . After 6 months of follow-up, 69 patients who had been classified as HFS remaining became HFS free. In addition, 46 patients became HFS free after 1 year of followup. In contrast, 15 and 9 HFS-free patients exhibited HFS recurrence after 6 months and 1 year of follow-up, respectively. Overall, 546 (93.8%) patients became HFS free by 1 year, including 405 (93.5%) in Group A and 141 (94.6%) in Group B. Of the 18 patients for whom LSR reappeared during surgery, the spasm-free rates were 50.0%, 77.8%, and 100% 1 day, 6 months, and 1 year after surgery, respectively. Intraoperative change in LSR and HFS alleviation were significantly correlated 1 day and 6 months after surgery (p = 0.048 and 0.020, respectively) but not 1 year after surgery (p = 0.608) ( Table 3) .
discussion
MVD is a causative treatment method with a dramatic cure rate. In this study, 93.8% of all patients with HFS were cured by 1 year after surgery. The LSR is a typical Table 4 . 7, 8, 12, 14, 15, 22, 24, 26, 28 These studies have yielded discrepant results. In our study, LSR alleviation was correlated significantly with spasm alleviation 1 day and 6 months after surgery but not after 1 year of follow-up. Joo et al. 12 reported results similar to those of our study, and they suggested that the reason was that the LSR results were from not only pulsatile irritation but also REZ demyelination, which can require several months for recovery. In addition, Hatem et al. 7 hypothesized that the late alleviation of HFS is a result of delayed recovery of motor nucleus hyperexcitability. The results of our study also support this hypothesis. In this study, 80.6% in Group A and 71.1% in Group B were HFS free on the first postoperative day. Although this difference was statistically significant, it should be noted that more than 70% of patients with "persistent LSR" became spasm free immediately after surgery, and only 6.6% of the patients had experienced recurrence 6 months after surgery.
We hypothesized that chronic vascular compression is related to longer symptom duration. We found that short symptom durations (less than 1 year) were significantly related to immediate loss of LSR after decompression, whereas the opposite was observed for long symptom durations (more than 10 years). However, symptom duration as a whole was not correlated significantly with a change in LSR during decompression. This finding suggests that early revision surgery can be considered for patients with remaining or persistent HFS with a < 1-year symptom duration. However, these findings cannot be generalized yet, and more evidence is needed to confirm this hypothesis. Moreover, many patients with a longer symptom duration were excluded from this patient population. In 18 patients, the LSR was lost but then reappeared before Teflon insertion. This temporary disappearance of the LSR occurred in almost all cases immediately after the dural incision. Haines and Torres 5 proposed that this condition results from a temporary shift in the neurovascular relationship and, thus, is not a reliable sign of decompression. Kim et al. 13 reported that patients who experienced this premature LSR loss exhibited similar anatomical conditions, including thick arachnoid trabeculae and poor MVD results. We did not evaluate the effects of thick arachnoid trabeculae, because arachnoid thickness could not be classified objectively. A careful evaluation of whether the REZ was decompressed correctly was performed intraoperatively in cases of premature LSR loss. In our study, all the patients with premature LSR loss experienced delayed complete HFS recovery.
The published rates of LSR loss have varied widely, from 55.6% to 94.4%. In contrast, the recovery rates for patients with HFS have all been close to 90%. We suggest that this discrepancy results from the following factors. First, subjective surgeon-related factors play a role. These factors include the method of decompression (i.e., craniotomy size, amount of CSF drainage, extent of arachnoid dissection, and/or Teflon insertion) and the response to changes in the EMG monitoring results. Anesthesia-related factors, predominantly related to the administration of a muscle relaxant, may also be involved. Finally, mechanical factors might also play a role. These factors include the specific EMG system used for monitoring and the system settings. Future meta-analyses that investigate the roles of these factors are expected to be highly informative.
This study did have some limitations. First, this was a retrospective study and thus likely exhibits some selection bias. Among all the patients who underwent MVD at Kyung Hee University Hospital during the same period, only 65.8% were included in the study. Moreover, the excluded patients exhibited significantly longer symptom duration. The major reason for exclusion was a followup period shorter than 1 year. This exclusion might have affected our results, because patients who became completely HFS free after surgery were likely to refuse longer follow-up. Second, the end of each operation was decided subjectively on the basis of EMG changes. In addition, objective information on symptom duration was obtained on the basis of subjective patient statements. Third, we did not include every possible contributing factor in our analysis and omitted facial palsy, history of botulinum toxin injection, and other medical conditions. Last, follow-up ended after 1 year in this study; studies with longer followup are needed to evaluate the prognostic value of EMG during MVD. We are planning studies to address these limitations. We also intend to investigate the contribution of various surgical findings and aspects of LSR that influence the outcomes of patients after MVD.
conclusions
To the best of our knowledge, this is the largest singlecenter study to have investigated the prognostic ability of intraoperative EMG monitoring during MVD for HFS. Patients who had less than 1 year of symptoms showed a significantly higher rate of LSR loss after decompression compared with patients who had more than 10 years of symptoms. EMG monitoring was helpful for identifying the offending vessel(s), especially when multiple offending vessels were involved, and was also useful for confirming facial nerve decompression after Teflon sheet insertion from neurovascular contact. Intraoperative monitoring of the LSR during MVD for HFS had some prognostic value over a short-term follow-up period; however, this was not true over long-term follow-up periods. When the LSR was not alleviated even after correct decompression, our data indicate that extending follow-up for longer than 1 year is a useful solution.
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